Subaortic myectomy for patients with hypertrophic obstructive cardiomyopathy  by Williams, William G. & Konstantinov, Igor E.
S
H
W
H
t
t
t
a
t
c
a
a
b
p
u
m
i
w
P
C
t
b
m
d
t
e
r
s
d
S
i
C
A
r
r
U
A
2ubaortic Myectomy for Patients with
ypertrophic Obstructive Cardiomyopathy
illiam G. Williams, MD, FRCSC, and Igor E. Konstantinov, MDa
h
c
s
a
d
R
A
M
1
t
f
M
fi
V
S
h
t
s
n
i
r
c
t
M
A
o
a
m
t
o
r
m
d
o
w
t
s
m
a
aypertrophic cardiomyopathy is a common autosomal
dominant disease that affects 1 in 500 of the popula-
ion.1 Some of these patients develop the obstructive form of
he disease (HOCM) that thickens the interventricular sep-
um at the subaortic area, the mid-ventricular level, or the
pex. In patients with subaortic obstruction, surgical myec-
omy is indicated when the patient’s symptoms cannot be
ontrolled by medication. Alternatives for these patients are
trio-ventricular sequential pacing or catheter-based alcohol
blation of septal muscle. Dual chamber pacing has largely
een abandoned, although it may be efficacious in the older
atient.2 Alcohol ablation, a recent therapy, has been widely
tilized, although its efficacy is probably less than that of
yectomy.3,4 Our technique of myectomy has evolved dur-
ng a clinical experience of managing more than 400 patients
ith hypertrophic obstructive cardiomyopathy.5
reoperative Assessment
andidates for surgical myectomy have a complete history,
horough physical examination, and routine assessment of
asic laboratory values and chest x-ray. In addition, assess-
ent of their rhythm and potential for concomitant cardiac
isease must be delineated. Echocardiograohy, especially
ransesophageal, is critically important in establishing the
xtent of the hypertrophy and the mechanism of mitral valve
egurgitation.6 Coronary angiography is recommended for all
urgical candidates to rule out concomitant coronary artery
isease or coronary myocardial bridges.
pecific Issues
n HOCM Patients
oronary Artery Disease
s most of HOCM patients are of an age where atheroscle-
otic coronary disease is prevalent, routine coronary angiog-
aphy should be performed before surgery. In addition,
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doi:10.1053/j.optechstcvs.2004.10.005bout 5% of patients with hypertrophic cardiomyopathy will
ave intramyocardial coronary arteries with bridges of myo-
ardium compressing normal coronary artery during each
ystole. While somewhat controversial, these muscle bridges
re associated with angina and increased risk of sudden
eath.7
hythm
trial Arrhythmia
ost patients with HOCM will be in sinus rhythm, but about
7% have preoperative atrial fibrillation. Both atrial fibrilla-
ion and increased left atrial size have been identified as risk
actors for mortality after myectomy.5 A concomitant atrial
aze procedure should be considered for patients with atrial
brillation.
entricular Arrhythmia
udden unexpected death is not uncommon in patients with
ypertrophic obstructive cardiomyopathy, and may be due
o ventricular tachycardia or fibrillation.8 The risk factors for
udden death are a family history, certain subsets of the ge-
etic disorder, and increased septal thickness.9 The absolute
ndications for AICD are unclear and post-myectomy, the
isk of sudden death is very low. Nevertheless, there are
andidates in whom implantation of an AICD post-myec-
omy may be appropriate.10
itral Regurgitation
lmost all patients with hypertrophic obstructive cardiomy-
pathy will have mitral regurgitation, and in 95%, the mech-
nism is related to the systolic anterior motion (SAM) of the
itral valve. Careful assessment of the mitral valve with
ransesophageal echocardiography is important both before
peration and intraoperatively.11 As a general rule, the mitral
egurgitation associated with SAM follows the contact of the
itral leaflet with the septum and is typically posteriorly
irected. In contrast, mitral regurgitation that precedes the
nset of SAM-septal contact will persist after myectomy,
hereas the typical posteriorly directed mitral regurgitation
hat follows SAM septal contact would be alleviated by a
uccessful myectomy.12 The mitral regurgitation post-SAM
ay, on occasion, be central or even anteriorly directed, usu-
lly in association with prolapse, but this regurgitation will
lmost always improve successful after myectomy.12
In patients with concomitant mitral valve disease, repair of
he mitral valve or even replacement may be indicated, al-
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Subaortic myectomy for patients with hypertrophic obstructive cardiomyopathy 255hough this is an uncommon event. A ring annuloplasty in
he setting of hypertrophic obstructive cardiomyopathy may
e hazardous as it increases the risk of SAM, even in patients
ithout preoperative outlet obstruction.
ntraoperative Preparation
peration is performed under general anesthetic and re-
uires careful avoidance of abrupt changes in afterload that
ay profoundly affect the degree of outlet obstruction and
oncomitant mitral regurgitation.13 During preparation for
tandard cardiopulmonary bypass, a premyectomy trans-
sophageal echocardiogram is done to assess the extent and
everity of the obstruction, the mechanism of mitral valve
egurgitation, septal thickness and length of obstruction, and
o rule out other lesions, including the potential for right
entricular outflow tract obstruction.6,11,12
ardiopulmonary Bypass
ubaortic myectomy requires cardiopulmonary support and a
elaxed, metabolically arrested heart. Standard cardiopulmo-
ary bypass with mild hypothermia is initiated using a single
wo-stage right atrial venous cannula and routine aortic cannu-
ation. Warm induction blood cardioplegia is used to arrest theveins, RA—right atrium, RPA—right pulmonary artery, RV—rhe right superior pulmonary vein. Ideally, the catheter should
e manipulated across the mitral valve into the ventricle to pre-
ent accumulation of air within the pulmonary veins. Standard
emodilution techniques are used and blood transfusion is not
sually necessary for an isolated myectomy.
yocardial Protection
ecause of the extreme hypertrophy of these hearts, good
yocardial protection is very important. We find it most
fficacious to arrest the heart at normal temperature with
n infusion of normothermic blood cardioplegia. Once the
eart does arrest, we then cool the cardioplegia, and
hereby the myocardium, until an intramyocardial tem-
erature of 15°C is reached. We also use topical cooling
ith a plastic-covered cooling jacket that circulates cold
aline continuously and maintains a consistent low myo-
ardial temperature during arrest. We avoid cooling the
ardioplegic infusion or myocardium below 15°C. Usually
ne dose of cardioplegia is sufficient (usually 1200 to 1500
l for an adult), but if there is any difficulty cooling or
oncomitant surgery prolongs the aortic cross-clamp time,
he cardioplegic dose is repeated either directly into the
oronary ostia or into the aortic root after closure of the
ortotomy.
Terminal warm cardioplegia is given before re-perfusion of
eart. After cardioplegic arrest, the left heart is vented through the heart.
Surgical Technique
Figure 1 Once the heart is arrested, vented, and cooled, the aortic root is opened with an oblique incision that extends to but
not across the sinus ridge of the noncoronary leaflet to the right of the commissure with the left coronary (A). A retraction
stitch is then placed on the superior margin of the aortotomy incision and tied loosely to fibrous tissue adjacent to the medial
wall of the superior vena cava (SVC) to keep the ascending aorta away from the operative view.
The aortic valve is then inspected (B) and gently retracted to the open position. The surgeon’s view of the papillary
muscles and most of the chordae is obscured by the protruding septum that lies anteriorly and leftward. With the
surgeon’s index finger through the aortic valve inside the ventricle and the thumb outside the heart over the right
ventricle, the septal thickness and the extent of the hypertrophy toward the apex can palpated to confirm the echo
findings.
LPA—left pulmonary artery, LAD—left anterior descending coronary artery, LV—left ventricle, PVs—pulmonary
ight ventricle.
256 W.G. Williams and I.E. KonstantinovFigure 2 The anatomic boundaries of the left ventricular (LV) outflow tract are illustrated. The protruding
hypertrophic muscular septum obscures the visualization of the papillary muscles. The conduction pathway is
illustrated in the diagram by a line of white dots lying below the membranous septum (A,B). The lateral view of
the bulging muscular septum (C) illustrates the direction of the surgeon’s view (arrow) and emphasizes that only
the tip of the ventricular septal “iceberg” is visualized at this point in the operation as the hypertrophy extends
toward the apex and anteriorly. The landmarks for the myectomy incisions are the area immediately under the
middle of the right coronary cusp and the muscle bar immediately anterior to the lateral extent of the mitral valve
on the patient’s left side.
RCA—right coronary artery, LCC—left coronary artery, RCC—right coronary cusp, NCC—noncoronary cusp,
LCC—left coronary cusp, SVC—superior vena cava.
Subaortic myectomy for patients with hypertrophic obstructive cardiomyopathy 257Figure 3 The left bundle branch of the conducting system emerges under the commissure between right coronary cusp
(RCC) and the noncoronary cusp (NCC) and extends leftward just below the membranous septum. It sends off multiple
branches on the LV endocardium. The thickened muscular interventricular septum lies anteriorly and extends to the
left where it merges into the posterior LV free wall adjacent to the mitral valve annulus.
Thorough appreciation of the pathological anatomy is a key to successful surgical resection. To fully appreciate
intraventricular anatomy of the left ventricle (LV), the illustration shows the LV opened along the imaginary line
through the L_R commissure (A).
The cut surface of the hypertrophied muscular septum is evident at a point where it begins to fuse with the posterior
wall of the LV (B). The dotted empty circles represent some of the distal left bundle branches, a few of which cross the
hypertrophied septum that will be excised.
258 W.G. Williams and I.E. KonstantinovFigure 4 Myectomy removes a rectangular block of septal myocardium. Three incisions are required. The landmarks for the
myectomy incisions are the area immediately under the middle of the right coronary cusp (1st incision), the muscle bar
immediately anterior to the lateral extent of the mitral valve on the patient’s left side (2nd incision) and the third incision is
related to the annulus of the aortic valve between these initial 2 incisions. A curved Ross retractor positioned anteriorly
provides exposure and protects the aortic leaflets during the myectomy.
(1) The initial incision begins 2 to 3 mm below the aortic annulus and to the right of the middle of the right coronary cusp.
(A,B) The depth of this incision should leave a residual septal thickness of 6 to 8 mm. The residual depth is confirmed by
palpation as described above. It is useful to complete this incision with a # 12 scalpel blade because its shape positions the tip
below the bulge of the hypertrophied septum and the blade has a known depth from base to tip of exactly 11 mm. that is a
useful depth gauge. To protect the chordae and the anterior papillary muscle, a suction tip is used to retract the mitral valve
apparatus posteriorly and leftward using the plastic suction tip to prevent contact of the scalpel blade with the chordal
apparatus. It is useful to make this initial incision with the left hand because the incision should be directed slightly rightward
of the apex of the heart. A right-handed surgeon tends to direct the scalpel toward the left of the apex. The length of the
incision will depend on the extent of the hypertrophy, but it is generally 3 to 5 cm long.
(2) The second incision is made in the muscle bar just anterior to the insertion of the mitral valve on the left side. Here, the
muscle is actually the insertion of the septum into the posterior wall and it is much narrow in base to apex dimension than
the anterior septal muscle. The spiral fibers comprising the inner wall of the left ventricle radiate from this point toward the
much broader ventricular septal area. This incision is also directed toward the apex and is parallel to the initial incision. It
begins 2 to 3 mm below the aortic valve and extends distally 2 to 4 cm. The cardiac suction tip is used as a devise to protect
the posterior mitral chordae and papillary muscle as described above for the initial incision. Residual thickness of the septum
should be 5 to 8 mm on direct palpation.
(3) The third incision is made parallel to and 2 to 3 mm distal to the annulus of the aortic valve joining the two previous
incisions (C). The depth of this incision is only 2 to 3 mms. Once it is completed, the surgeon has access to a new layer of
myocardium and is able to make a second incision 2 to 3 mm deep in the same manner, but directed slightly more anterior.
Each successive shallow incision parallel to the aortic annulus allows the surgeon access to a deeper level of septum thereby
permitting the excision to be parallel to the right ventricular side of the septum rather than simply within the surgeon’s view
that would result in cutting off the “tip of the iceberg” as might happen given the surgeon’s view illustrated in Fig. 2C.
This technique of multiple shallow incisions is akin to creating a circle from a series of very short lines, each joined at a slight
angle. As the resection continues distally, the surgeon confirms the thickness of the residual septum and the direction of the
resection by palpating with an index finger inside the ventricle and thumb outside. Because the third incision is parallel to the
aortic annulus, it isolates a sharp point of myocardium under the commissure between right and left coronary leaflets. As the
resection proceeds distally, this pointed area must be rounded to prevent penetrating the septum below the pulmonary valve.
The convex curve of the Ross retractor is a useful template to direct the scalpel. Gentle pressure on the epicardium from the
apex will facilitate the view of the distal part of the resection but it is important to remember that the pressure may
inadvertently change the angle of the septum.
The resected specimen has approximately the same area as that of the aortic valve. The roughened fibrotic surface is due
to the point of SAM-septal contact by the mitral leaflets. The size of the specimen depends on patient size and septal thickness,
but on average, it measures 4 to 5 cm long, 3 to 4 cm wide, and 10 to 18 mm thick.
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Subaortic myectomy for patients with hypertrophic obstructive cardiomyopathy 259omments
ostresection
nce the resection is completed, the cardiotomy vent is
ccluded and a bulb syringe used to flush the LV to remove
ny residual small pieces of muscle. In addition, the bed of
he resection is inspected and made as smooth as possible
y sharp dissection. The aortic and mitral valves are care-
ully inspected to be certain there is no damage from the
etraction or resection. The left atrium and ventricle are
llowed to fill with blood as the aortotomy is repaired.
efore completion of the aortotomy closure, warm cardio-
legia is instilled into the aortic root as a further means of
rotecting the myocardium and preventing inadvertent air
mbolus.
Following weaning from bypass, intraoperative trans-
sophageal echocardiography is repeated. There should be
o residual SAM or important left ventricular outflow tract
radient at rest or with provocation. We routinely induce
Figure 5 The extent of the myectomy is shown in Fig. 5A
ventricle (LV). The dashed lines indicate the area of resec
resection the papillary muscles should be easily seen and
the bed of the septal resection and the distal anterior w
parallel to the right ventricular endocardium, rather tha
hypertrophy should leave a smooth LV surface that is p
The resection is complete when the residual septal thi
Generally a single large specimen is resected and its area
the appearance of the left ventricular outflow tract should
could palpate the residual thickness toward the apex of
apex of the primary resection. The resection is complete
and on palpation, one feels a smooth transition from t
ventricle with no step in the transition to suggest a residn extrasystole by manual stimulation and ensure that the tostextrasystolic Doppler pressure gradient does not rise
bove 15 to 20 mm Hg. The mitral valve should close in a
ormal plane on echo and the mitral regurgitation should
e considerably reduced or absent. The echo Doppler can
lso be used to rule out inadvertent intraventricular com-
unication. One frequently sees fistulous connections
rom the divided septal coronary arteries, but these have
ot been problematic, either in the short or long term.
ostoperative
outine postoperative care of these patients consists
f providing adequate filling of the ventricle. Given their
ntrinsic hypertrophy and hyperdynamic state, ino-
ropes are very rarely indicated and may unmask residual
bstruction. Afterload reduction is contra-indicated and is
lmost never required. Temporary atrial and ventricular
acing wires are installed routinely because early AV block
s not uncommon. Back-up ventricular demand pacing
hould be routinely used to prevent circulatory collapse in
eptal myectomy is extended toward the apex of the left
at is wider toward the apex than at the aortic end. After
lpation there should be no change in thickness between
the LV. Fig. 5B illustrates the correct resection that is
removing the tip of muscle. The resection of the septal
to the right ventricular endocardium (Fig. 5C).
is the same as the normal thickness of the LV free wall.
ivalent to that of the orifice of the aortic valve (Fig. 4C)
in Fig. 5B rather than Fig. 5C. In the latter situation, one
ection and additional tissue should be excised from the
hen it reaches beyond the tip of the papillary muscles,
of the resection onto the anterior free wall of the left
nd of hypertrophied muscle.. The s
tion th
on pa
all of
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260 W.G. Williams and I.E. Konstantinovatients are extubated within 4 hours of myectomy. We
nitiate Sotalol bid 24 hours post-myectomy to lessen the
isk of new onset atrial fibrillation and to control rapid
onduction if fibrillation does occur. Most patients are
eaned from all medication within 3 months of surgery.
onclusion
urgical myectomy for patients with symptomatic hypertro-
hic obstructive cardiomyopathy is safe and effective, and
rovides excellent long-term clinical improvement by reliev-
ng left ventricular outlet obstruction the associated mitral
egurgitation.
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